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CEREBRAL ORGANIC ANION TRANSPORTER AND ITS GENE 



Tfichnical Field 

The present invention relates to a gene involved in organic negative ion 
(organic anion) transport and the polypeptide encoded by the gene. 

Rflftkgmund Art. 

Liver and kidney play important roles in the metabolism and excretion of 
biologically foreign compounds and drugs out of bodies. Tubule cells and hepatocytes 
belong to epithehal cells with polarities. It is supposed that some of anionic 
substances are taken up through the basolateral membranes into kidney and Uver by 
transporters, while the organic anions generated metabohcally in cells are excreted by 
transporters. 

The uptake of organic anions through the basolateral membranes of tubule 
cells and hepatocytes have been investigated so far in experiment systems using 
isolated organ perfusion protocols, dissected cells and membrane vesicles. According 
to such conventional methods, however, the detailed analysis of the transport of 
organic anions through the basolateral membranes has been diiOOlcult. Accordingly, it 
has been desired to isolate the transporters per se and analyze the properties of 
transporters in detail. 

Alternatively, plural experimental results suggestively indicate the presence 
of the transport of organic anions in brain. The transport of organic anions in brain 
is supposed to function for the extracerebral excretion of endogenous and exogenous 
organic anions. 



Although the transport of organic anions in brain is speculated to play an 
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impoirtant role in the elimination of endogenous anions and foreign compounds £rom 
brain, the detail of the transport therein is more ambiguous than the transport in 
kidney and liver, due to the difficulty in physiological experiments therein. 

Based on these backgrounds, the screening of the organic anion transporter 
molecules per se has been actively carried out in 1990 and thereafter. Consequently, 
two organic anion transporters derived from the basolateral membrana of hver have 
been isolated until the last year. (Hagenbuch, B. et al., Proc. Natl. Acad. Sd. USA, 
Vol. 88, pp. 10629-33, 1991; Jacquemin, E. et al., Proc. Natl. Acad. Sci. USA, Vol. 91, 
pp. 183-7, 1994) 

The present inventors independently isolated an organic anion transporter 
OATl responsible for the most important function in the organic anion transport in 
kidney successfiiUy last year (Sekine, T., et al., J. Biol Chem., Vol 272, pp. 18626-9, 
1997) and already filed the patent appUcation thereof. OATl is a transporter capable 
of transporting a great number of ox^anio anions with different chemical structures 
and is also involved in the transport of various anionic drugs. OATl is expressed in a 
specific manner to kidney, while OATl is very slightly expressed in brain except 
kidney. 

Recently, the inventors have further identified a liver-specific organic anion 
transporter (0AT2) with about 40 % homology to OATl in terms of amino add level 
(FEES letter, Vol 429, pp. 179-182, 1998) (Japanese Patent AppUcation No. 
169174/1998). 

The isolation and identification of OATl and 0AT2 indicates that these 
organic anion transporters form a family. Additionally because 0AT2 is expressed 
specifically in hver, it is suggested that the family is not kidney-specific but is 
expressed in various organs. 
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As described io^far, it is suggested that an organic anion traniSport system 
is present in brain, but the OATl expression in brain is quite sUght while 0AT2 is not 
present therein. Based on these findings, the inventors have anticipated the 
presence of an unknown transporter responsible for the organic anion transport in 
brain. 

Alternatively, the organic axxion transport in the basolateral membrane of 
liver is compHcated; particularly, the efflux flow of conjugated substances (many of the 
conjugated substances are oiiganic anions) generated at a vast scale in hepatocytes 
into blood has not yet been known. The organic anion transport in liver cannot 
sufficiently be described on the single basis of the organic anion transporters 
including 0AT2, Hence, the presence of an tmknown transporter is suggested 

The inventors isolated the organic anion transporter OATl serving as the 
most important role in the organic anion transport in kidney (Sekine> T. et al., J. BioL 
Chem, VoL 272, pp. 18526-9, 1997). Based on the structural similarity to OATl, the 
inventors identified a liver-specific organic anion transporter (0AT2) (Sekine, T., et al., 
FEBS letter, VoL 429, pp. 179-182, 1998). The inventors abready reported 
additionally (Sekine, T., et al.. J. Bioh Chem., VoL 272, pp. 18526-9, 1997) that OATl 
had low homology to an organic cation transporter OCTl (Grundemann, D. et al., 
Nature. Vol 372. pp. 549-52, 1994). 

Taking account of these evidence, the inventors identified a sequence 
common to OATl, 0AT2 and OCTl and prepared a degenerate primer based on the 
sequence. By using the degenerate primer, the inventors identified a novel cDNA 
fragment with low homology to OATl, 0AT2 and OCTl from rat brain mRNA by RT 
(reverse transcript)-PCR Opolymeraae chain reaction) method By using the cDNA 
fragment, a cDNA never reported yet was discriminated from the rat cDNA library, 
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The resultixig protein was designated cerebral type organic anion transporter OATS as 
a third member of the OAT family. 

Discloflurft of the Invention 

The invention relates to the organic anion transporter OATS. The 
inventive organic anion transporter OATS is a transporter with a wide range of 
substrate selectivity and transports organic anions with different chemical structures 
(having a potency to take up the organic anions). However, no substantial uptake of 
a typical organic cation TEA (tetraethylammonium) is observed. Hence, the 
inventive organic axiion transporter OATS with a wide range of substrate selectivity is 
an organic anion transporter with no substantial substrate selectivity of TEA 
(tetraethylammomum) as the typical organic cation but is selectively dis^ibuted in 
organs mainly including brain and hver. 

The inventive protein includes the organic anion transporter OATS of an 
amino acid sequence represented by SQ ID No. 2 (in human) or 4 (in rat) or of an 
amino acid sequence with such a modification of the aforementioned amino add 
sequence as deletion, substitution or addition of one or several amino acids. The 
deletion, substitution or addition of amino acids is satisfactory at an extent such that 
no organic anion transport activity is deteriorated; the number of the amino adds 
then is generally 1 to about 110, preferably 1 to about 55. Such protein has generally 
60 to 80 %, preferably 70 to 90 % homology in amino acid sequence to the amino add 
sequence represented by SQ ID No, 2 or 4. 

Furthermore, the invention encompasses a nucleic acid, preferably DNA or 
RNA« encoding the inventive protein comprising the organic anion transporter OATS. 
The inventive nucleic add encompasses the nudeic add encoding the inventive 
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protein and nucleic adds hybridizable with the nucleic acid under stringent 
conditions. 

Still furthermore, the invention relates to a partial sequence of the nucleic 
add encoding the inventive protein or nudeotides hybridizable with the partial 
sequence under stringent conditions. 

Still yet furthermore, the invention relates to an antibody against the 
inventive protein or a polypeptide immunologically identical to the inventive protein. 

Briftf DftarriT;)tinTi of thR^Drawings 

Fig. 1 depicts the organic anion uptake activity of the inventive rat OATS 
expressed in Xenopus oocyte; 

Fig, 2 depicts the results of kinetic analyses of the transport of PAH, estrone 
sulfate and ochratoxin A with the inventive rat 0AT3 in the oocyte; 

Fig. 3 depicts the results on the inhibition of the organic anion transport 
with the inventive rat OATS by various organic substances; 

Pig, 4 depicts the results of the Northern blotting analysis of the inventive 
rat OATS gene; 

Fig, 5 depicts the results on the inhibition of the rat OATS transport by 
various metabolites of cerebral type neurotransmitters; 

Fig. 6 depicts the uptake activity of "C-PAH (p-aminohippiiric add) when 
the inventive hOATS was expressed in Xenopua oocyte; 

Fig. 7 depicts the uptake activity of ^-estrone sulfate when the inventive 
hOATS was expressed in Xenopus oocyte; 

Fig. 8 depicts the uptake activity of '^H-dehydroepiandrosterone sulfate when 
the inventive hOATS was expressed in Xenopiiis oocyte; 



5 



20 0 1$ 3^138 mm tamm no. 264? p. 8/50 



Fig. 9 depicts the uptake activity of ^-ochratoxiii A when the inventive 
hOAT3 was expressed in Xenopi^g oocyte; 

Fig. 10 depicts the uptake activity of *H-cimetidiiie when the inventiye 
hOATS was expressed in Xcnopus oocyte; 

Fig. 11 depicts the uptake activity of ^H-estradiol glucuronide when the 
inventive hOAT3 was e:q)ressed in Xenopus oocyte; 

Fig. 12 depicts the uptake activity of U-prostaglandin E2 when the 
inventive hOAT3 was expressed in XenopuA oocyte; 

Fig. 13 depicts the uptake activity of ^^C-taurochoUc add when the inventive 
hOATS was expressed in Xenopua oocyte; 

Fig. 14 depicts the uptake activity of "C-glutaric acid when the inventive 
hOAT3 was expressed in Xenopus oocyte; 

Fig. 15 depicts the \;^take activity of H-methotrexate when the inventive 
hOAT3 was expressed in Xanopua oocyte; 

Fig. 16 depicts the uptake activity of ^^C-aalicylic add when the inventive 
hOAT3 was e^tessed in Xenopua oocyte; 

Fig. 17 depicts the uptake activity of ^*C-indoniethacin when the inventive 
hOAT3 was expressed in XAnnpna oocyte; 

Fig, 18 depicts the uptake activity of "C-choHc add when the inventive 
hOAT3 was expressed in Xenopua oocyte; and 

Fig, 19 depicts the residts on the inhibition of the transport of ^-estrone 
sulfate with the inventive hOAT3 by various organic substances. 

Beat Mode for Harrying nut th<> TnvQntiftTi 

The inventive organic anion transporter gene can be isolated and identified 
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by screening of tissues and cells of oi^ans such as kidney and brain in appropriate 
mammalian animals used as gene sources. The mammalian animals include non- 
hiunan animals such as dog, cow» horse, goat, sheep, monkey, pig, rabbit, rat and 
mouse and additionally include human. 

The gene screening and isolation can preferably be carried out by homology 
screening and PGR screening. The base sequence of the resulting cDNA is 
determined by a conventional method; the translation region is anedyzed; and the 
amino acid sequence of the protein encoded by the cDNA, namely the amino acid 
sequence of 0AT3, can be determined. 

It is verified for example by the following manners that the resulting cDNA 
is the cDNA of the organic anion transporter gene, namely that the genetic product 
encoded by the cDNA is the organic anion transporter. More specifically, the cRNA 
prepared from the isolated 0AT3 gene is integrated and expressed in the oocyte; then, 
the transport (uptake) potency of organic anions in cells is confirmed by assaying the 
incorporation of an appropriate organic anion as the substrate in cells by the general 
uptake experiment (Sekine, T,, et al., J, Biol Chem,, Vol 272, pp, 18526-9, 1997). 

By applying the same uptake experiment to the e:q>ression cell, the 
transport property and substrate specificity of OATS can be examined. 

The SQ ID No. 3 in the sequence listing shows the base sequence of the 
cDNA of the rat organic anion transporter OATS isolated by such method; and SQ ID 
No. 4 shows the amino acid sequence thereof. 

By using the cDNA of the resulting OATS gene for screening an appropriate 
cDNA library or genomic DNA library prepared by xxsing a different gene source, a 
homologous gene or chromosomal gene derived fix)m a different tissue or a different 
biological organism or the homology can be isolated. 
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The base sequence of the cDNA of human organic anion transporter OATS 
identified by such method is shown as SQ ID No. 1 and th^ amino add sequence 
thereof is shown as SQ ID No. 2. 

By using a synthetic primer designed on the basis of the base sequence as 
the base sequence <SQ ID No. 1 or 3) of the inventive gene disclosed or a part of the 
information thereof the gene can be isolated firom the cDNA hbrary by general PGR, 

DNA hbraries such as cDNA library or genomic DNA library or the like can 
be prepared by the method described in for example "Molecular Cloning; Sambrook, J., 
Fritsh, E. F. and Maniatis, T. ed., issued by Cold Spring Harbor Laboratory Press in 
1989'. Otherwise, any existing commercially available library can satisfactorily be 
used. 

The inventive organic anion transporter (OATS) can be generated by using 
for example cDNA encoding the organic anion transporter by genetic recombinant 
technology. For example, DNA (cDNA and the Uke) encoding the organic anion 
transporter id integrated in an appropriate expression vector; and the resulting 
recombinant DNA can then be transfected in an appropriate host cell. The 

m 

expression system (host vector system) for polypeptide generation includes for 
example expression systems of bacteria, yeast, insect cells and mammalian cells. 
Among them, insect cells and mammalian cells are preferably used for the recovery of 
the functional protein. 

For the expression of the polypeptide in mammals, for example, the DNA 
encoding the inventive organic anion transporter is inserted in the downstream of an 
appropriate promoter (for example, SV40 promoter, LTR promoter, elongation la 
promoter and the like) in an appropriate expression vector (for example^ retrovirus 
vector, papilloma virus vector, vaccinia virus vector, SV40 vector and the like) to 
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construct an expression vector. By subsequently transforming an appropriate 
animal cell with the resulting ejqpression vector and culturing the transformant in an 
appropriate culture medium, the objective polypeptide can be generated. The 
mammalian cell as the host includes monkey COS-7 cell, Chinese hamster CHO cell, 
human HeLa cell, or cell lines such as kidney tissue-derived primary culture cell, 
porcine kidney-derived LLC-PKl cell and opposum kidney-derived OK cell and the 
like. 

As the cDNA encoding the organic anion transporter 0AT8, use can be made 
of cDNA with the base sequence represented by SQ ID No. 1 or 3; as the cDNA, with 
no specific limitation to the cDNA described above, additionally, DNA corresponding 
to the amino add sequence is designed and used, which can encode the polypeptide. 
In this case, it is known that each amino add is encoded by one to 6 types of codons, so 
codons for use can be selected appropriately. For example, a sequence with higher 
egression can be designed, in terms of the frequency of oodons used by a host for 
esgpression. DNA with the designed base sequence can be recovered by chemical 
DNA synthesis* fragmentation and conjugation of the cDNA, and a partial 
modification of the base sequence. An artifidal partial modification of the base 
sequence or mut^nesis thereof can be carried out by site specific mutagenesis, by 
utilizing a primer comprising a synthetic oligonucleotide encoding the desired 
modification 'Mark, D. F,, et al., Proc. Natl- Acad Sd. USA, Vol. 8, pp. 5662-5666, 
1984\ 

Nucleotides (oUgonucleotide or polynucleotide) hybridizable with the 
inventive oi^anic anion transporter gene under stringent conditions can be tised as 
probe for detecting the organic anion transporter gene and can also be used for 
example as antisense oligonudeotide, ribozyme and decoy, so as to modify the 
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expression of the oi^anic anion transporter. 

In accordance with the invention, the term hybridization under stringent 
conditions generally means hybridization in 5 x SSC or a hybridization solution at a 
salt concentration equal to the concentration under a temperature condition of 37 to 
42 for about 12 hours, followed by preliminary rinsing in 5 x SSC or a solution at 
a salt concentration equal to the concentration and rinsing in 1 x SSC or at a salt 
concentration equal to the concentration. Higher strii^ency can be realized by 
carrying out rinsing in 0.1 x SSC or a solution at a salt concentration equal to the 
concentration. 

Additionally, the invention relates to a partial sequence of the nucleic acid 
encoding the inventive protein or nucleotides hybridizable with the sequence under 
stringent conditions. As such nucleotides, generally, use can satisfactorily be made 
of nucleotides comprising a partial sequence of consecutive 14 or more nucleotides in 
series in the base sequence represented by SQ ID No. 1 or 3 or a sequence 
complementary to the partial sequence; so as to enhance the specificity of the 
hybridization, a longer sequence, for example a sequence of 20 bases or more or a 
sequence of 30 bases or more, can satisfactorily be used as such partial sequence. 
These nucleotides can be labeled, if necessary, with radioactive elements, fluorescent 
substances or chemiluminescent substances. 

The nucleotides comprising a partial sequence of consecutive 14 or more 
base in series in the inventive base sequence represented by SQ ID No. 1 or 3 or a 
sequence complementary to the partial sequence preferably carries the specific base 
sequence of the base sequence encoding the inventive organic anion transporter 0AT3 
and can satisfactorily be labeled, if necessary. 

By using the inventive organic anion transporter or a polypeptide 
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immunologically identical thereto, additionally, an antibody can be raised. The 
antibody can be utilized for detecting or purifying the organic anion transporter. The 
antibody can be raised, by using the inventive organic anion transporter, a fragment 
thereof or a sjoithetic peptide with a partial sequence thereof or the like as an antigen. 
The antibody, if polyclonal, can be generated by general methods comprising 
inoculating such antigen in a host animal (for example, rat and rabbit) and recovering 
the resulting immunized serum. The antibody, if monoclonal, can be generated by 
technicjues such as general hybridoma method. Further, the inventive antibody is 
satisfactorily prepared as chimera form or humanized antibody. 

Best Mode for Carrying out the Invention 

The description is now made in more detail in the following examples, but 
the examples are in no way of limitation of the invention. 

In the following examples, the individual procedures followed the methods 
described in 'TMolecular Cloning; Sambrook, J., Fritsh, E. and Maniatis, T. ed., 
issued by Cold Spring Harbor Laboratory Press in 1989" or followed the instructions 
of commercially available kit products if used, unless otherwise stated. 

Example 1 

Isolation and analysis of multi-selective organic anion transporter 3 (0AT3) cDNA 
(1) Preparation of degenerate primer based on the base sequence information of 
OATl, OAT2andOCTl 

Based on the base sequence information of OATl and 0AT2 isolated 
previotisly by the inventors and the reported base sequence information of OCTl, 
degenerate primer was prepared with reference to amino acid sequences in common to 
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these three transporters (amino adds 267-275 and amino acids 447-452 in the amino 
acid sequence of OATl), 

Prom rat brain was extracted total RNA by GITC method; and poly(A) + 
RNA was then purified by usin^ an oligodT column. From the rat brain poly(A) + 
RNA was prepared cDNAby using reverse transcriptase; using the resulting cDNA as 
template, PGR was conducted with the degenerate primer. Consequently, a PGR 
product of about 550 bp was prepared 

By using a TA cloning kit (manufactured by Invilrogen Co.), the PCR 
product was cloned; and some of the base sequence was determined. 0)nsequently> a 
novel cDNA (BIO) with homology at the level of 50 % to OATl in terms of amino acid 
level was recovered, 

A probe prepared by labeling BIO cDNA with ^P was used for Northern 
hybridization with poly(A) + RNA extracted from various rat organs. Positive bands 
were visually detected in the liver, kidney^ brain and eyes. 

Because the inventors had an excellent cDNA library of rat kidney, the 
inventors screened the rat kidney cDNA library by using the BIO probe. 
Hybridization was promoted overnight in a hybridization solution at 37 *C. 
Thereafter, the filter membrane was rinsed in 01 x SSC/0.1 % SDS at 37 "C. As the 
hybridization solution, use was made of a buJBfer, pH 6,6 containing 50 % formamide, 5 
X standard saline citrate (SSC), 3 x Dexihard solution, 0.2 % SDS, 10 % dextran sulfate, 
0.2 mg/ml modified salmon sperm DNA, 2.5 mM sodiimi pyrophosphate> 25 mM MES^ 
and 0.01 % Antifoam B (manufactured by Sigma, Co.). The clone isolated in XZipLox 
was further subcloned in a plasmid vector pZL by in vivo excision method. 
Consequently, a novel clone (rkl411) with an organic anion transport activity was 
recovered (Example 2 below is to be referenced concerning transport function 
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The base sequence of the done (rkl411) recovered above was determined as 
follows. By firstly using a kilo-sequence deletion kit (manufactured by TaKaRa, Co.). 
plural plasmid DNAs were prepared by subjecting the clone rkl411 to each deletion of 
about 300 bp from the single side thereof. The base sequences of the DNAs were 
determined by using an automatic sequencer (manufactured by Applied BioSystems). 
Additionally, a specific oligonucleotide primer for rkl4H was prepared; by using the 
automatic sequencer, the base sequences thereof were also anal3rzed (torn the opposite 
direction. Finally, the whole base sequence of rkl411 was determined. The base 
sequence is shown as SQ ID No. 3 in the sequence listing. Additionally, the amino 
acid sequence of the protein is shown as SQ ID No. 4. 

Example 2 (Identification of the function of rkl411) 

(1) By using T7 RNA polymerase, cRNA (RNA complementary to cDNA) was 
prepared in vitro from the plasmid carrying the clone (rkl411) as described above (see 
Sekine, T„ et al. J. Biol. Chem., Vol 272, pp. 18526-9. 1997). 

According to the method already reported (Sekine, T., et al. J. Biol. Chem., 
Vol 272, pp. 18526-9, 1997). the resulting cRNA was injected in the XsnQpna oocyte; 
the oocyte was subjected to an uptake test with various radiolabeled organic anions 
and organic cations. As shown in Pig, 1, consequently, the oocyte in which rkl411 
was e35)ressed could take up "C-PAH Op-aminohippuric acid), ^H-ochratoxin A and 
^-estrone sulfate. Alternatively, the oocyte never transported one typical organic 
cation ^*C-TEA (tetraethylammonium). 

The organic anion transport with rkl411 was subjected to the Michaelis- 
Menten dynamic test. By examining the change in the uptake of PAH, estrone 
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sulfate and ochratoxin A at various concentrations, the dependency of the rkl411 
transport on the concentrations of these substrates was examined* The uptake 
experiments of radiolabeled PAH, estrone sulfate and ochratoxin A were carried out 
by using the oocyte injected with rkl411 cRNA according to the method described 
above. The results are as follows (see Fig. 2): the Km values of PAH, estrone sulfate 
and ochratoxin A were 4.7 yM, 2.3 fiM and 0.74 \M, respectively. The results are 
shown below in Table 1. 
Table 1 



Results of Michaelis-Menten dynamic test 





Km OaM) 


Vmax 

^mol/hr/oocyte) 


Vmax/Km 
(Ml/hr/oocyte) 


PAH 


64.7 ± 10.0 


28.3 :!: 2.8 


0.360 


Estrone sulfate 


2.34 ± 0.20 


7.60 ± 0.44 


3.24 


Ochratoxin A 


0.739 ± 0.178 


3.08 ± 0.33 


4.17 



(2) So as to examine the substrate selectivity of rkl411, various anionic 
substances were added to the ^H-estrone sulfate uptake experiment system with the 
oocyte injected with rkl4ll cRNA to examine their influences (inhibition experiment)* 
The ^H-estronc sulfate uptake experiment was conducted by using the oo<yte injected 
with rkl411 cRNA according to the method described above. In the presence and 
absence of 1 mM each compound (with no label), the uptake of ^-estrone sulfate was 
assayed Consequently, various anionic substances (taurocholic acid, cholic acid, 
bromosulfophthalein, probenecid, indocyanine green, bumetanide, cefoperazone, 
pyroxicam, furosemide, azidothymidine, benzylpenicillin and the hke) significantly 
inhibited the *H-estrone sulfate transport with rkl411 (see Fig. 3). Meanwhile, 
cationic substances such as tetraethylammomxun, guanidine, quinidine and 
berapamil never exerted any such inhibitory action (see Fig, 8), The results indicate 
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that rkl411 is a multi-selective transporter and primarily recognizes organic anioxxs. 
Hence, rkl411 was designated 0AT3 (orgamc anionic transporter 3) as a third 
member of the OAT family. 

Example 3 

The expression of the 0AT3 gene in individual rat tissues was analyzed 
(Northern blotting). The OATS cDNA In the whole length was labeled with ^P- 
dCTP; by using the resulting cDNA as probe, RNAs extracted fipom various rat tissues 
were subjected to Northern blotting as follows- 3 ixg of poly{A) + RNA was 
electrophoresed on 1 % agarose/formaldehyde gel and subsequently transferred on a 
nitrocellulose filter. The filter was hybridized overnight in a hybridization solution 
containing the whole length of the "p-dCTP4abeled 0AT3 cDNA at 42 X. The filter 
was rinsed in 0. 1 x SSC containing 0.1 % SDS at 65 *C. 

The Northern blotting results (see Fig. 4) indicate that a strong band was 
detected around 2.4 Kb in the RNAs from the kidney, liver and brain. Visually weak 
expression was also observed in the eyes. 

Example 4 

Because 0AT3 was most strongly expressed in brain among the members of 
the OAT family, an attempt was made to deduce the role thereof in brain at an 
inhibition experiment of the OATS tran^ort with various metabohtes of 
neurotransmitters (mainly organic anions). As shown in Fig. 5> noradrenalin and 
sexotoxxin metabolites inhibited the OATS transport of estrone sulfate, suggesting a 
possibility that these metabolites per se might be substrates of 0AT3. The evidence 
indicates that OATS has an action to excrete neurotransmitter metabolites out of 



15 



2001$ 3fli3B mm mtfm 



NO. 2647 P. 18/50 



brain as one function of cerebral type OATS. 
Example 5 

Isolation and analysis of h\iman-type multi-selective organic anion transporter 3 
(0AT3) cDNA 

EST (expressed sequence tag) data base was screened by using the rat OATS 
cDNA isolated previously by the inventors. Human EST clone (H20345) with high 
homology to the rat OATS was identified. A part (333 bp) of the base sequence of the 
cbne was synthesized by PGR. The cDNA fragment was labeled with ^P, which was 
then used as probe for the following screening. 

The human kidney cDNA library maintained by the inventors was subjected 
to screening with the probe. Hybridization was effected all day long and overnight in 
a hybridisation solution at 37 "^C; subsequently, the filter membrane was rinsed in 0.1 
X SSCyo.l % SDS at 37 *C, As the hybridization solution, use was made of a buffer, 
pH 6.5, containing 50 % fbrmamide, 5 x SSC (standard saline citrate), 3 x Denhard 
solution, 0.2 % SDS, 10 % dextran sulfate, 0.2 mg/ml modified salmon sperm DNA, 2.5 
mM sodium pyrophosphate, 25 mM MES, and 0.01 % Antifoam B (manufactured by 
Sigma, Co.), The done isolated in XZipLox was further subcloned in a plasmid vector 
pZL by in vitro excision method Consequently, a novel human organic anion 
transporter 3 (hOAT3) with an organic anion transport activity was recovered. The 
analysis of the transport fimction thereof is described below in Example 6. 

The base sequence of hOAT3 was determined by the following method. 
Oligonucleotide primers specific to hOAT3 were sequentially synthesized- By using 
an automattic sequencer (manufactured by Applied BioSystems, Co.); the base 
sequence was analyzed, starting from both the 5'- and 3'-termini. Finally, the whole 
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base sequence of hOAT3 was determine A Th© determined b ase sequence is shown as 
SQ ID No. 1 in the sequence Usting. Based on the cDNA sequence, the amino acid 
sequence encoding hOAT3 is described as SQ ID No. 2 in the sequence hsting. 



The base sequence of the cDNA is shown in Table 2, while the amino acid 
sequence is shown in Table 8, in a corresponding manner. 
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Table 2 

Base sequence of hOAT8 cDNA 



10 


20 


30 


40 


50 


90 




i^y k k A 13 f* 
VT AUTAv#A4aw 


Awwl iDiwv«t»w 


rCf*Y A Afi A r*A 
WWW 1 ASOAwA 


oAQW A 00 BA W 


ATA A A AT AAA 

wTwAAwTAwA 


TO 


00 


90 




110 


120 




^QWUATGoo 


iir 1* A. fi A ^ r 

AT WwAiaAwwW 


fifi^CA/*^ ACn 
oowwAW vAvw 


TwT 90 wl woT 


wTT B wwCCAfi 


130 


140 


190 


100 


170 


190 




ttctuooaqA 


1 WW T via AWWtf 


TATAAAA AA/^ 
■ V 1 VSUAAIiW 


ATBBBGCATT 


T AA A A At 

TwwABTTwCT 


190 


200 


210 


220 


230 


240 


uCATBTASCC 


At a 

ATACTfiSoCC 


TwCC6ATwCT 


AA AAATfSfiAA 

wAACATBoCw 


A A A'A A A A Mm 

AAwwACAACC 


TbCTqCAGAX 


2S0 


ZOO 


270 


280 


290 


300 


A^T^ A^ A 

C 1 TGAC AQ 


0G C ACG C GTB 


TCG AwC ACTo 


TA AA AAA AA A 

TwuwCwttCww 


A A A A A TsAAT 

CAGAAT6CCT 


nn AAA fi ft r> n «i 

CCACAeOGCC 


310 


320 


330 


340 


390 


300 




A A V A A AJ^ff* 

CCCATaBoCC 


AAA A YfiaA A A 

CAAATdQGAA 


CA A YA A A A A A 

owwT6AaABB 


^A A AT#*^#* W 


TTGTACATCC 


370 


aoo 


300 


400 


410 


420 


QCCCAATqCw 


A ^ A 

AQCCTSCvwA 


A A A A A A#ti A 

ATuAwAvwwA 


OA6BBCwAT6 


A A A^J^ A 


T9bATGbC78 


430 


440 


450 


400 


* 

470 


490 


boTCTACAAC 


A A A A A A 

AGCACCAA6Q 


ACTCCATToT 


A A A A A A ATBA 

SA w A 6 AS T 06 


A M. A WA A^A^ 

QACTTBEThT 


Arft A A Jtt^P#^A%A A 

GCAACTCCAA 


490 


900 


S1Q 


920 


330 


540 


^ A A A A A 

WAAACTwAAu 


6 Aw AT V«w 


A in* AT A TAYY 

AIITCTATvTT 


A A ¥0 AiA A A At 

CATmCABBT 


ATAwT8ATT9 


AAA A A*^ 

GAGSGCTCST 


900 


960 


570 


9^0 


390 


900 








WAOVWWWA 1 W 


W 1 QAWW 1 BWA 


ttV > Aww ■ OW I 


S10 


020 


030 


640 


090 


B60 








WWWWAWW 


1 1 WWWWA 1 W 1 

1 


AC A TOCTCTT 


070 


680 


690 


700 


■ 

710 


720 


CCSCTTCCTfi 




eCATCTCAfifi 
vwn 1 V 1 wn^ra 


CATTACCCTfi 

WA 1 1 AWWV 1 W 




TCTTflAATfiT 


730 


740 


7S0 


7«Q 


770 


79D 


GGAATSfiSTS 


WW * AWWWWil. 




WA 101 WBAWA 




ACTSCTACAC 
AW 1 QW i AWAW 


790 


900 


S10 


820 


830 


940 


CTTTGGCCAG 


T7CATTCTGC 


CC6GCCTGGC 


CTACGCCA7C 




GTTGQCTGCA 


850 


BOO 


870 


880 


800 


900 


eTTAACTeie 


TCCATTCCCT 


7CTTCSTCTT 


CTTCCTATCA 


TccTeaieeA 


CACCAeAGTC 


910 


020 


930 


940 


990 


990 


CATACeCTGd 


TT6STCTT6T 


CTGGAAA6TC 


CTCGGAGfiCC 


CTGAAfiATAC 


TCCGGCGGGT 


970 


890 


990 


1000 


1010 


1020 


GGC7eTCTTC 


AATeOCAAOA 


AGGAAGAdGG 


AaAAAfi$CTC 


AeCTTGGAOO 


A6CTCAAAC7 


1030 


104Q 


1090 


;ooo 


1070 


1090 


CAACCTGCAG 


AAQ6A6ATCT 


ccTteeccAA 


eeccAAfixAc 


ACCGCAAGTG 


ACC76TTCC6 


1090 


1 100 


1110 


1120 


1130 


1140 


GATACCCATG 


CT6CGCCGCA 


T6ACCTTCT6 


TCTTTCCCT6 


«CT66TTT5 


CTACCSGTTT 



18 



2001$ 3^138 tmm NO. 2647 P. 21/50 



11«0 1170 ttfiO 1180 I9fln 

TeCCTACTAT AeTTTeeCTA TSSCTCTeaA A6AATTTSSA STCAACCTCT ACATCCTCCA 

'210 1220 1230 1240 tfStk i9sa 

SATCATCTTT eaTSfleeTCG ATBTCCCAeC CAAGTTCATC ACCATCCTCT CCTTAA6CTA 

'290 1280 1300 laio 44«a 

ccTscecces cataccactc AeeccecTSc cctgctccts 6CA68A«e«6 ccATcrrlec 

. 1380 1370 (iBA 

TCTCACCT7T eTSCCCTTeS ACTTfiCA«AC CSTflASfiACA BTATTSfiCTe TBTTTMGAA 

f3aO 1490 1410 U20 1430 144a 

eaBATGCCTA TCCAeCTCCT TCA6CTBCCT CTTOCTCTAC ACAAGTCAAT TATACCCCAC 



1480 14«0 1470 1480 UOfl 



ISOO 



AfiTCATCAec CAAACAefiTA Te«8CeTAA6 TAACCT6T6C ACCCGCSTCe eAASCAxisT 

1320 1530 1540 1800 IftSO 

CTCcccwre stcaaaatca ceeeTSAdST acaacccttc atccccaata TCATCTACee 

^^^^ ISBO tSOO 1000 f 010 1fi20 

fiATCACcecc CTccTcsece ecASTscrec cctcttcctb ccreASACcc reAATCAecc 

lOao 1640 1450 1000 1070 ifittft 

CTTCCCA6A6 ACTATC6AAG ACCT6GAAAA CTQSTCCCTfi C866CAAA6A A«CCAAASCA 

1700 IttO 1720 1730 1740 

eeAGCCACAO CTMAAAAQfi CCTCCCAaAO GATCCCTCTA CA6CCTCACQ eACCA6eCCT 



1700 1770 1710 1700 



ItOO 



SSCCTCCAOC me€ACAAC SeAACCCCCT TTCCCTSCCC TCCA«AaACT OATCCTAOCC 



i9ZQ 1830 1040 laoo 



1000 



eA«6CCCCAT ATAaaiCCAT CCTCCTABSA TeAASeCTTC 



1S70 U80 1BS0 1900 1SI0 



1820 



TGAfiAeCTTe STBAAfifiTST CTOCATCACC ACCACCASAS CCTCOTSCCC AGCCCTCeCC 

A6TTCAAAS6 TTCAGCCATC CCTGCCCTTS TTCTCCCTGC AACCCAGCCC CT8CCATTCT 

^„ 2*»fl 2010 2020 2OS0 2040 

TCTGTCTAGC CCTTCCCCAC TBBCCACCTT CCCCCACTBT CCC6STCCTC TTCCCCT6A6 

»080 2BS0 JOTO 2080 2090 »1A0 

GTCCCCTGAT ATCCCCTGeC TCAGTCCTAA CAAflACTSAS TCTTAACAAG ATBASAAfiTC 

_^ 2120 2»S0 2140 2190 2180 

CTCCCCTTCT T8CCTCCCAC AOTTTTCTTT SATGOfiAeGT TTCAATAAAC AfiCGATAAOA 
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Tables 



Base sequence of hOAT3 amino add 



t33 142 ISI 160 ISd 178 

5* ATQ ACC TTC TCfi GAS ATC CTfl 6AC MT ATS 6(SA AftC ATC g6C CAT TTC CA6 TTC 

»•£ Thr Ph» Sor 6Iu li« Leu Asp Ara 1 Sly S« r U«t Sly HI9 Ph« Gin Phe 

187 196 205 214 223 ZZZ 

CTfi CAT 6TA 6CC ATA CT€ 88C CTC CC6 ATC CTC AAC ATfi GGC AAC CAC AAC CT6 

L»M Hltt Ya) Ala Me Leu Gly Leu Pro Me Leu Asn Met Ala Asn KI9 Aen Leu 

241 jt9Q 2Sd 268 277 286 

CTG CA6 ATC TTC ACA 6CC fiCC ACC CCT fiTC CAC CAC T«T C«C CCG CCC CAC AAT 

Liiu Gin \\w Phe Thr Ale AU Thr Pro Ve I Hie His Cya Arj Pro Pre Hie Aen 

29$ 304 313 422 381 340 

6CC TCC ACA GGG CCT T6G GTfi CTC CCC AT6 0GC CCA AAT GfiG AAG CCT GA& AGC 

Ala Sar Thr Gly Pre Trp Ve I Leu Pro Met Sly Pro Aen Gly Lyfi Pro 6lu Aro 

843 338 367 376 395 384 

TOC CTC CCT TTT GTA CAT GCG CCC AAT GCC AGC CTG COC AAT 6AC ACC GAG AGQ 



Cye Leu Aro Phe Vel Ule Pro Pro Aen Ala Ser Leti Pro Astt Aep Thr Gin Aro 

488 412 421 490 488 44B 

GCC ATG GAG CCA TGC CTG GAT GGC TGG 6TC TAC AAC AGC ACC AAG GAC TCC ATT 

AlA Met Gin Pre Cyo ten Aep Gly Trp Vol Tyr A«n Ger Thr Lye Aep Ser Me 

497 466 47S 484 403 602 

6TG ACA GA^ TGG GAC TT6 6TG TGC AAC TCC AAC AAA CTG AAG GAG ATG GCC CA6 

Vo! Thr GJu Trp Aep Leu Vei Cys Aen Ser Asn Ly» Leu Lye 6lu Met Ale Gin 

811 920 829 838 647 996 

_ ^"^^ '^^^ ^"^^ ^'^^ ^'^^ 

8er Me Phe Met Ala Gly Me Leu Me' Gly Gly Leu Vei Leu Gly Aep Leu 8er 

869 674 983 882 601 610 

GAC AGG TTT GGC CQC AGG CCC ATC CTfi ACC TGC AGC TAC CTG CTG CTG GCA GCC 



Aep Are Phe Gly Arg Arg Pro Me Leu Thr Cvo Ser Tyr Leu Leu Leu Ale Ai 



^<8 628 637 046 655 664 

_ '^^^ '^'^^ ^"^^ A"^® cec 

Sor Gly Ser Gly Ale Ala Phe Ser Pre Thr Phe Pre Me Tvr Met Val Phe Arg 

^■^8 682 631 TOO TOO 718 

TTC CTG T8T 6GC TTT GGC ATC TCA 6GC ATT ACC CTG AGC ACC GTC ATC TT6 AAT 

Phe Lea Cys Gfy phe Gly lie Ser Gly Me Thr Leu Ser Thr Vel lie Leu Aen 
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AAA 

6AA 


727 


616 


CCT 


736 
ACC 


C66 


ATo 


74S 

Coo 


Val 




Trp 


Vai 


Pro 


T>ir 


Arg 


Mot 


Are 


T6C 


TAC 


781 
ACC 


TTT 




790 
CA€ 


TTC 


ATT 


799 
CTG 


Cys 


Tyr 


Thr 




eiy 


6ld 


Pho 


ilo 


Lou 


TSG 


car 


835 


Ct6 


CA$ 


844 

TTA 


ACT 


6TG 


853 
TCC 


TriJ 


Aro 


Trp 


L«ii 


ein 


Lou 


Thr 


Val 


8o r 


TCC 




889 

Tee 


ACA 


CCA 


898 

^ ^ 

QAe 


TCC 


ATA 


907 
CGC 




Trp 


T r 0 


Thr 


Pro 




Sor 


1 to 


Ars 




eec 


943 
CT« 


AA6 


ATA 


982 
CTC 


CGe 


CGG 


981 
6TG 




Ala 




Lys 


1 lo 


Lou 


Arfl 


Afff 


Vol 




6AA 


997 
A68 


CTC 


A6C 


1006 
TT6 


GAG 


GAG 


1015 
CTC 






Ard 


Leu 


$er 


Lou 


fill! 


Glu 


Lau 


TT6 


6CC 


i A# f 

1 95 * 
AA6 


6CC 


AA€ 


1 988 
TAC 


ACC 


6CA 


1 ulfo 
A6T 




A<a 


Lye 


Ala 


Lys 


Tyr 


Thr 


Ala 


Sor 


CfiC 


Ar€ 


1105 
ACC 


TTC 


TST 


1114 
CTT 


TCC 


CTG 


1123 
GCC 


Ars 


Hot 


Thr 


Pba 


Cya 


Lou 


Sor 


Lau 


Alo 


A6T 


TTfi 


1199 

act 


Ate 




1188 
8T9 


GAA 


GAA 


1177 
TTT 


Sor 


teu 


AU 


Mtt 


61 y 


Vai 


6iu 


eiu 


Pho 



784 



763 



772 



808 817 826 



862 871 880 



816 . 938 834 



970 979 988 



1024 1833 1042 



1078 1087 1096 



1122 1141 1190 



1186 1195 1204 



1213 1222 .1231 1240 1249 1288 

ATC TTT G6T G6G &TC GAT GTC CCA GCC AA6 TTC ATC ACC ATC CTC TCC TTA AGC 

llo Pho €ir Gtv Va! Aap Vat fro Ala Lys Phc Ilo Thr n» Lau 3sr Lsu Sor 

1287 1276 1288 1294 1303 1312 

TAC CTG GGC CGG CAT ACC ACT CAO GCC GCT GCC CTG CTC CTG GCA GGA GGG GCC 



Tyr Uou 6ly Arg His Thr Thr Gin Ala Ale AU Lau Lou Lou Ala Gly Gly Ala 



21 



200 1$ 3fll3B 14M NO. 2647 P. 24/50 



^321 1330 1339 1343 1357 i^fiA 

™ H! !f I ^ ^® ®^ ^® AM ACA 6TA TTB 

n* Uu Ala L«U Thr Ph« V^J Pro L«u Asp Lau 6Ir Thr vT^ iu^ Th7 vIT 

t37fi 1334 1383 1402 1411 1^20 

-~ !I! ®" ^''^^ CTC TTC CTZ5 TAC 

Ala Val Ph« €ly Lyir Gly Cy9 Leu S^r Ser $«r Pho ^7 Cyl U« pil^ L«« t77 

U29 1438 1447 14S6 1433 1474 

ifl "® ^^"^ ^ 6TA AST AAC 

Thr S«r dlu Lau Tyr Pro Thr Val I la Ar^ oTn Thr sTy lli^t Tiy vTI" sTr aTH 

1483 1492 1301 1510 tllg is*. 

!!! Ill ^1 f®^ ^''^^ ^ ACO aST SaJ 

Lau Trp Thr Arji Val Gly Sar H-t Va{ 5«r Pro Leu Val Lys Tu Th7 61T gTu 

^^^^ 1S40 1353 2554 t.^. ..^^ 

eTA,CA6 CCC TTC ATO CCC AAT ATC ATC TAC G«e ATC ACC fiCC CTC CTC fiW MC 

VAI Gin Pra Pha Ma Pra Aan Ne lla Tyr «ly tia Thr All lIu 7\y sTy 

^Sai 1600 1800 1618 1627 163« 

fl tl^ "^^^ ^® SAC ACT ATC 

Ser Ala Ala Lau Pha Lau Pra 61u Thr Lau Asti ^lu Pra Laa Pre Olu Thr Til 

1643 1034 1003 1072 1S91 1680 

8AA «AC CT6 QAA AAC T9Q TCC CTC CO© 6CA AAQ AA6 CCA AA6 CAd AAC CCA SAO 

e)u Asti Lau G(u Asn Trp 9ar Uu Afo Ala Lys Ly« Pro Lys Oln 6tu Pfa ©To 

1699 1T08 1717 l72f 1733 1744 

fiT6 GAA AAfi CCC TCC CA6 Afi6 ATC CCT CTA CAQ CCT CAC 6gA CCA GSC CTC 66C 



Val 61u Lya Ala Gin Ara »la Pra Lau Gin Pra Hl« Oly Pra Gly Lau Gly 



1759 
TCC A6C T8A 3' 

Sar Oer 6*0 
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I 

t : 
I 

Example 6 

Identification of hOAT3 function 

By using T7 RNA polymerase, cRNA (RNA complementary to cDNA) was 
prepared in vitro firom the plasmid comprising the hOAT3 recovered above by the 
method by Sekine, at al. (see Sekine, T., et al. J. Biol. Chem., Vol. 272, pp. 18526-9» 
1997). 

According to the already reported method of Sekine, et al. (Sekine. T., et aL J. 
Biol. Chem., Vol. 272, pp. 18526-9. 1997), the resulting hOATS cRNA was injected in 
the Xenopufl oocyte; the oocyte was subjected to an uptake test with various 
radiolabeled organic anions and organic cations. The control oocyte cell (oocyte cell 
with no injection of hOAT3 cRNA) and the oocyte cell injected with hOAT3 cRNA were 
cultured in a buffer containing the following radiolabels for one hour, to assay the 
uptake of the radiolabels into the oocytes. 

The results are shown in Figs. 6 to 18. In each figure, open column 
expresses the case of the control oocyte used; and closed column expresses the case of 
the oocyte injected with hOAT3 cRNA. Fig. 6 depicts the uptake activity of ^^C-PAH 
(p-aminohippuric acid) (10 iiM); Fig. 7 depicts the uptake activity of ^-estrone 

■ 

sulfate (60 nM); Fig, 8 depicts the uptake activity of ^-dehydroepiandrosterone 
sulfate (50 nM); Fig. 9 depicts the uptake activity of ^-ochratoxin A (100 nM); Fig. 
10 depicts the uptake activity of %-cimetidine (150 nM); Fig. 11 depicts the iqptake 
activity of *H*estradiol glucuronide (50 nM); Fig, 12 depicts the uptake activity of 
*H-prostaglandin E2 (1 nM); Fig. 13 depicts the uptake activity of ^*C-taurocholic 
acid (10 \M); Fig. 14 depicts the uptake activity of ^^C-glutaric add (10 ^M); Fig. 15 
depicts the uptake activity of *H-methotrexate (100 nM); Fig. 16 depicts the uptake 
activity of "C-salicylic acid (1 nM); Fig, 17 depicts the uptake activity of "C- 
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indomethacin (10 \xM); and Fig. 18 depicts the uptake activity of ^*C-cholic add (10 

As shown in these figxires, the values of these radiolahels in the oocyte with 
hOAT3 expression were higher than the values thereof in the control oocsrte, 
suggesting that hOATS transported these compoxmds. 

Consequently, the oocyte with hOAT3 expression takes up ^*C-PAH (p- 
aminohippuric acidO, ^-estrone sxdfate, ®H-dehydroepiandrosterone sulfate, ®H- 
ochratoarin A, ^H-dmetidine, ^-estradiol glucuronide, ^-prostaglandin E2, ^^C- 
taurochohc add, "C-glutaric add, %[-methotrexate, ^*C-salicylic add. "C- 
Indomethacin, and ^^C-cholic add. On contrast, hOAT3 never transported titie typical 
organic cation ^^C-TEA (tetraethylanunomimx) (not shown in the figures). 

Then, the hOAT3 transport of organic anions was examined at the 
Michaelis'Menten kinetic test. By examining the change in the hOAT3 uptake of 
estrone sulfate and methotrexate at various concentrations, the dependency of the 
0AT3 transport on the concentrations of these substances was examined. The 
uptake experiment of radiolabeled estrone sulfate and methotrexate was carried out 
by using the oocyte injected with hOAT3 cRNA and the control oocyte (with no 
injection of cRNA), by the method described above. Consequently, the Km values of 
estrone sulfate and methotrexate were 3.08 [M and 2.22 fxM, respectively. 

So as to examine the substrate selectivity of hOAT8, various anionic 
substances were added to the 'H-estrone sulfate uptake experiment system with the 
oocyte injected with hOAT3 cRNA, to examine their influences (inhibition 
experiment). 

The ^H-estrone sulfate uptake experiment was conducted by using the oocyte 
injected with hOAT3 cRNA according to the method described above. 
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More specifically, the control oocyte (oocyte with no injection of hOAT3 
cRNA) and the oocyte with injection of hOAT3 cRNA were cultured in a buflfer 
containing 50 nM *H-estrone sulfate alone or containing non-radiolabeled compounds 
at 500 ^iM or the concentration shown in the figure for one hour, to assay the uptake of 
^H-estrone sulfate. When the uptake of 50 nM ^-estrone sulfate singly contained in 
the buffer into the oocyte with injection of hOATS cRNA was designated 100 %f the 
individual uptake values in the buffer containing inhibitory agents were expressed 
in%. 

The results are shown in Fig. 19. As shown in Fig. 19, all these compounds 
inhibited the uptake of ^-estrone sulfate into the oocyte injected with hOAT3 cRNA, 
indicating that these compounds were interactive with hOATS, Consequently, it was 
indicated that various anionic substances (estrone sulfate, PAH, taurocholic acid, 
probenecid, fiirosemide, zidovudine, penicillin BSP, glutaric acid, indomethacin, 
and methotrexate) significantly inhibited the transport of ^-estrone sulfate with 
hOAT3 (see Fig. 19). Alternatively, tetraethylammonium as one of typical organic 
cations never exerted ajxy inhibitory action. Based on these results, it is evidenced 
that the inventive hOAT3 is a multi-selective organic anion transporter, 

Indugtrial Apphcability 

The invention provides a novel organic anion transporter with wide 

substrate selectivity of organic anions and in selective distribution in brain and liver 

and the like. 

The inventive organic anion transporter is involved in the uptake of various 
drugs in cells and is also involved in the d^amics of drugs in biological organisms. 
Therefore, the inventive organic anion transporter is useful not only for the cell 
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-viabilily and activation but also for the screening of pharmacokinetics. 
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